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LOADED NANOPARTICLE-FIBRIN-PLCL COMPLEX
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Purpose: When conducting cartilage tissue engineering with stem
cells, it is well known that chemical and physical stimulations are
very important for the induction and maintenance of chrondoge-
nesis. In this study, we induced chondrogenic differentiation of
human adipose tissue derived stem cells (hASCs) in situ by ef-
fective stimulation via the continuous controlled release of TGF-β1
from a heparin-functionalized nanoparticle-ﬁbrin-poly(lactide-co-
caprolactone) (PLCL) complex.
Methods: PLCL scaffolds were fabricated with 85% porosity
and 300∼500 μm pore size by a gel-pressing method. Heparin-
functionalized nanoparticles were prepared by a solvent-diffusion
method, composed of poly(lactide-co-glycolide) (PLGA), Pluronic
F-127, and heparin, and then TGF-β1 was loaded to the nanoparti-
cles. A mixture of hASCs, ﬁbrin gels and TGF-β1-laoded nanopar-
ticles was then seeded onto PLCL scaffolds and cultured in vitro,
after which they were subcutaneously implanted into nude mice
for up to ﬁve weeks.
Results: The results of in vitro and in vivo studies revealed that
chondrogenic differentiation of the hASCs on the complex was
induced and sustained by continuous stimulation by TGF-β1 from
the heparin-functionalized nanoparticles. In addition, there was
no signiﬁcant difference between the pre-differentiation condition
prior to incubation in chondrogenic medium and the proliferation
Figure 1. Histological studies of hASCs-complex constructs explanted from nude
mice after ﬁve weeks (cross-sections). The sections were stained with Mas-
son’s Trichrome (A–D) and Alcian Blue (E–H). For immunoﬂuorescence stud-
ies (I–L), the sections were stained for rabbit collagen type II (green) or the
DNA strands within the nuclei (blue). The upper two lines show the hASCs-
nanoparticle-ﬁbrin-PLCL complex constructs (A, E, I: pre-differentiated hASCs
and B, F, J: non-differentiated hASCs) and the lower two lines show the hASCs-
ﬁbrin-PLCL complex constructs (C, G, K: pre-differentiated hASCs and D, H, L:
non-differentiated hASCs).
condition, which suggests that in situ chondrogenic differentiation
of hASCs was induced by the TGF-β1-loaded nanoparticles.
Conclusions: Consequently, the hybridization of ﬁbrin and PLCL
scaffolds for three-dimensional spatial organization of cells and the
effective delivery of TGF-β1 using heparin-functionalized nanopar-
ticles can induce hASCs to differentiate to a chondrogenic lineage
and maintain their phenotypes.
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EVALUATION OF CARTILAGE INTEGRATION USING TISSUE
ENGINEERED CARTILAGE IN AN IN VITRO MODEL OF
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Purpose: Integration of native and repair tissue is a crucial indi-
cator of successful cartilage repair. Although the quality of engi-
neered tissue alone is a major concern as large an issue is how
the engineered material eventually integrates with the surrounding
host cartilage. In our study we use a high density scaffold-free
suspension culture (SASC) to generate a natural, phenotypically
stable cartilage tissue analog (CTA) and assessed its utility to
integrate with host cartilage in an in vitro surrogate of cartilage
repair. The aims of the study were (1) to develop a deﬁned in vitro
model of cartilage repair using CTA, (2) to evaluate the integrity of
CTA integration, and (3) to determine if age or preconditioning of
engineered CTAs impacts cartilage integration.
Methods: Cartilage was obtained from femoral condyle and head
of Landrace-Yorkshire pigs aged ∼35 days. Chondrocytes were
isolated by 24h collagenase digestion; isolated cells were plated
at 20 million cells/well/1.5 ml in 24-well plate coated with the hy-
drogel (poly 2 hydroxylthyl methacrylate). DMEM with 10% FBS
with ascorbic acid was used throughout. Cells form single biomass
within a few hours and the aggregates rapidly accumulate ECM.
Cartilage explants and repair model: Full thickness cartilage ex-
plants (5 mm in OD) were taken from femoral condyles (biopsy
punch); chondrocytes were isolated from similar but different pigs.
Defects (cores) (2 mm I.D.) were punched from the middle to initi-
ate natural type of “wound”. The holes were ﬁlled immediately with
various repair materials or were allowed to rest in culture prior to
repair. Explants were ﬁlled with chondrocytes (107 cells); cartilage
(2 mm O.D. cored from different region), and CTAs of various
ages 2-24 week CTA, or remained empty. The “repair” process
was protracted to 4, 6, 8 and 10 weeks. Tissues were ﬁxed, em-
bedded in parafﬁn and sections were stained with Safranin-O and
Alcian blue. Tissues are appropriately stored for future imaging
and biomechanical testing.
Results: Cartilage repaired with cartilage showed no integration
and typically fell out of defect. Cartilage defects ﬁlled with chondro-
cytes immediately and into preconditioned (24 h) defects showed
some intergration however when into preconditioned defects a
higher degree of integration was shown (Fig. 1A, B). In both cases
without a reason to stay in defect cells often attached to other
surfaces or were free ﬂoating. Cells formed a uniform mass and
attachments as shown. Defects repaired with CTA directly after
cutting defect showed remarkable microscopic integration (Fig.
1C, D) and the more developed CTA integrated more uniformly (2
wk vs. 24 wk old CTA). CTA of 24 wk in also (Fig. 1D) showed a
remarkable quality of ECM (similar to host cartilage). While 2 wk
CTA (Fig. 1C) produced a reasonable amount of ECM and showed
a tight contact to host matrix, appearance of chondrocytes was
more immature and lacked uniformly integration. These CTA re-
paired defects consistently stayed intact through processing while
all others did not.
Conclusions: This study describes a simple in vitro repair model
using a easy to prepare cartilage-like biomaterial generated with-
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Figure 1. Histological analysis stained with (A) Saf-O and (B–D) Alcian Blue: (A)
4 w growth; preconditioned (24 h) defect:cells, (B) 6 w growth; fresh defect:cells,
(C) 4 wk growth; fresh defect:2 wk CTA, and (D) 6 w growth; fresh defect:24 wk
CTA.)
out scaffold or foreign material. Good integration occurred with our
CTA. More mature CTA were more successful at ﬁlling the defect
and showed a uniform PG rich matrix. Biomechanical tests are un-
derway to assess the mechanical integrity of the interface. These
CTAs presents a new simplistic approach to cartilage repair and
with additional inﬂuences such as force and specialized growth
conditions these CTA may prove to yield a clinically relevant repair
platform.
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Purpose: Articular cartilage shows poor intrinsic repair, leading
to progressive joint damage. Therapies like marrow stimulation
or tissue engineering of cartilage depend on the chondrogenic
differentiation of progenitor cells. However, this chondrogenesis
needs to take place in a diseased joint with an altered environment.
In this environment inﬂammatory mediators will be present in
elevated levels and these will activate inﬂammatory pathways
in differentiating chondrocyte precursors. We examined the role
of two inﬂammatory pathways in chondrocyte differentiation, the
NF-kB and SOCS-3 pathway as possible therapeutic targets to
optimize cartilage regeneration.
Methods: Human mesenchymal stem cells (hMSC) (Lonza) were
differentiated into the chondrogenic lineage. Cells were pelleted
in serum free chondrogenic medium supplemented with TGF-
beta and BMP-2. Interleukin-1 (IL-1) and osteoarthritic synovium
derived conditioned medium, both a model for inﬂammatory stim-
ulation, were added to hMSC undergoing chondrogenic differenti-
ation.
Two downstream pathways known to be induced by catabolic
factors such as IL-1 were examined: the NF-kB and the SOCS-3
pathway. To study the speciﬁc role of the NF-kB pathway cells were
lentivirally transfected with P65 siRNA hairpin to block P65 expres-
sion. Activation of the SOCS-3 pathway was mimicked by lentiviral
overexpression of SOCS-3. Chondrogenesis was examined by
determining mRNA levels of chondrogenic markers COL2A1 (col-
lagen type II) and ACAN (aggrecan). Proteoglycan deposition was
analyzed by safranin O staining of histological sections.
Results: Chondrogenic differentiation, as measured by expres-
sion of type II collagen and aggrecan and safranin O proteo-
glycan staining, was induced in the hMSC already strongly at
two weeks under the described anabolic conditions. IL-1 as well
as osteoarthritis synovium-conditioned medium inhibited chondro-
genesis of hMSC. Conditioned medium induced SOCS-3 mRNA
strongly in the hMSC undergoing chondrogenesis. IL-1 also in-
duced SOCS-3 mRNA, albeit at a lower level. Lentiviral over-
expression of SOCS-3 lead to total inhibition of chondrogenesis
already in the condition without catabolic factors. In addition, block-
ing the NF-kB pathway P65 siRNA resulted in complete inhibition
of chondrogenesis, even under anabolic conditions. Indicating that
NF-kB signaling is required for normal chondrogenesis
Conclusions: Our study shows that the NF-kB pathway appears
to be indispensable for chondrogenesis. This demonstrates NF-
kB is unsuitable as a target to stimulate chondrogenesis in an
inﬂammatory milieu. SOCS-3 was induced by catabolic factors
and overexpression of SOCS-3 potently inhibited chondrogenesis.
SOCS-3 is therefore a potential candidate target to modulate
the inhibiting effect of catabolic factors on chondrogenesis and
blocking SOCS-3 in diseased joints could improve cartilage repair
through de-repression of chondrogenesis.
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AFFECTS CELL CYCLE PROGRESSION
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Purpose: The transcription factor Sox9 plays an important role
in the regulation of skeletal growth and cartilage formation. De
novo mutations in the coding region of Sox9 cause campomelic
dysplasia, an autosomal dominant, frequently lethal disease.
Moreover, Sox9 is known to control the initial steps of chondrogenic
differentiation in mesenchymal stem cells (MSC). Recent studies
have emphasized the role of cell cycle regulators like p21 in the
coordination of chondrocyte proliferation and differentiation. But
otherwise, less is known about the function of the chondrocyte
transcription factor Sox9 in cell cycle progression and cellular
distribution in the different cell cycle phases. There is evidence
that Sox9 might alter cell cycle progression to facilitate its pro-
differentiating function in a rat chondrocytic cell line.
Methods: We have employed RNA interference (RNAi) to study
the effects of Sox9 gene knockdown in vitro, in undifferentiated
multipotent rMSC (rat mesenchymal stem cells derived from bone
marrow). Cells were transduced with a retroviral vector contain-
ing a Sox9-speciﬁc shRNA. After selection with the appropriate
antibiotics, the knockdown level of Sox9 was determined by gene
expression analysis with quantitative PCR and the protein amount
by western blotting. Subsequently, a real-time PCR based cell
cycle proﬁler pathway array was performed to detect alterations
in the expression of 84 different cell cycle speciﬁc genes after an
inhibiting Sox9 expression in rMSC. For further analysis of the cell
cycle distribution, cells were ﬁxed with 70% ethanol and stained
with propidium iodide to investigate cell populations for G0/G1, S
and M phases by ﬂow cytometric measurement.
Results: A reproducible knockdown, on average between 50%
and 90%, was observed in rMSC on the mRNA and the protein
level. Cells expressing less Sox9 caused by the Sox9-shRNA,
showed a clear decrease in proliferation. Hence, there is evidence
for an effect of Sox9 on cell cycle progression. The Sox9 gene
